Elective Cesarean section performed before 39 weeks of gestation may be associated with increased risk of neonatal complications. We retrospectively investigated differences in the neonatal complication rate between 684 newborns delivered by elective Cesarean section at 37 weeks of gestation (n = 390) and those delivered by the same procedure at 38 weeks (n = 294) between 2006 and 2012 at our hospital in order to ascertain whether adverse outcomes differ between the groups. Newborns delivered at 37 weeks had a significantly higher incidence of neonatal intensive care unit admission (p = 0.03), adverse respiratory complications (p < 0.01), low birth weight (p < 0.001), and hypoglycemia (p < 0.005) than those delivered at 38 weeks. Compared with normal weight neonates, low birth weight neonates were more likely to have hypoglycemia (p < 0.001). Multivariate logistic regression analysis revealed that an adverse respiratory outcome was independently associated with gestational age (p < 0.01; odds ratio [OR], 3.26; 95% confidence interval [CI], 1.36-7.81), while hypoglycemia was independently associated with birth weight (p < 0.01; OR, 16.34; 95% CI, 7.72-34.56). Respiratory disorders were significantly associated with gestational age even in normal birth weight newborns without any other complications such as hyperbirilubinemia, hypoglycemia or bacterial infections. In conclusion, the incidence of neonatal complications was higher in newborns delivered at 37 weeks of gestation than in those delivered at 38 weeks via elective Cesarean section. Thus, the procedure should be scheduled at 38 weeks to improve neonatal outcomes.
Introduction
When vaginal delivery is difficult or delivery needs to be completed as soon as possible, a Cesarean section is performed to remove the fetus surgically through an incision made in the uterine wall. Cesarean section is indicated for maternal and fetal reasons and is divided into elective and emergency procedures. The maternal indications for Cesarean section include obstetric and maternal complications, such as multiple pregnancy, placenta previa, and history of cardiac disease, while fetal indications include inrauterine growth retardation and nonreassuring fetal status. Elective Cesarean section may be indicated in cases of breech presentation and prior history of Cesarean section or uterine surgery, due to increased risk of neonatal brain injury, uterine rupture, or other complications.
The rate of Cesarean sections performed worldwide is increasing despite the procedure carrying an increased risk of neonatal respiratory complications compared with vaginal delivery. In the United States, the rate increased from 20.7% in 1996 to 31.8% in 2007, while in the Netherlands, it increased from 8.5% in 1993 to 15.1% in 2007 (Hamilton et al. 2006; Robinson et al. 2010; Wilmink et al. 2010; Kamiya 2013) . The increase at general hospitals in Japan has also been quite marked, rising from 9.9% in 1987 to 24.1% in 2011. This increasing trend in the rate of Cesarean sections can be attributed to an increase in cases of uterine rupture during vaginal birth after a previous Cesarean section and to more requests for Cesarean deliveries from families concerned about traumatic injury to the neonate during birth (Gregory et al. 1998; Chigbu et al. 2007; Robson et al. 2008; Nakamura et al. 2011) .
In terms of the timing of elective Cesarean section, there were previously thought to be no significant differ-ences in neonatal complication rates among newborns delivered at 37, 38, and 39 weeks of gestation. Con sequent ly, most elective Cesarean sections have been scheduled before 39 weeks of gestation (Lilford et al. 1990; Gould et al. 2005) . However, recent studies have revealed an increase in the number of cases with neonatal respiratory disorders associated with elective Cesarean Sections performed before 39 weeks of gestation (Hales et al. 1993; Hansen et al. 2008; Tita et al. 2009) . A multicenter cohort study in the United States targeting repeat term Cesarean sections found that the incidence of multiple complications was higher in neonates born at 37 or 38 weeks of gestation than in those born at 39 weeks of gestation (Tita et al. 2009 ).
At our hospital, few patients undergo elective Cesarean sections at or after 39 weeks of gestation because the obstetrician-gynecologists tend to plan elective Cesarean sections earlier than this to avoid emergency surgery, which carries greater risks for both the mother and neonate. They believe that deliveries at or after 39 weeks of gestation or later result in more emergency surgeries due to premature rupture of membranes (PROM) or labor onset. However, elective procedures performed earlier than 39 weeks may show distinct differences in adverse neonatal outcomes between those performed at 37 weeks and those performed at 38 weeks, although the available data on this are scarce in Japan (Chang et al. 2009; Ogasawara et al. 2012) .
We conducted this retrospective study to determine differences in the rate and type of neonatal complications between newborns delivered by elective Cesarean section at 37 weeks of gestation and those delivered by the same procedure at 38 weeks of gestation in Japan.
Patients and Methods
A total of 2,240 patients underwent Cesarean section delivery at our hospital between January 2006 and December 2012 (Fig. 1) . These included premature newborns delivered before 37 weeks of gestation (n = 727), newborns delivered between 37 and 38 weeks of gestation (n = 1,095), and newborns delivered at or after 39 weeks of gestation (n = 418). Of the 1,095 newborns delivered between 37 and 38 weeks of gestation, 411 were excluded from the study due to the following reasons: Cesarean sections performed for multiple pregnancy; the presence of fetal disorders, intrauterine growth retardation, pregnancy-induced hypertension, diabetes mellitus, gestational diabetes mellitus, placenta previa, low-lying placenta, placental abruption, prolonged labor, nonreassuring fetal status, or other underlying diseases or obstetrical complications; and conversion to emergency Cesarean section due to PROM or labor onset. This left 684 newborns (n = 390 at 37 weeks and n = 294 at 38 weeks) delivered by elective Cesarean section for inclusion in this study. The study protocol was approved by the institutional review board of the hospital Of the 1,095 neonates born between 37 and 38 weeks of gestation, 684 were delivered by elective Cesarean section. Gray boxes denote the enrolled subjects. A total of 411 cases were excluded from the study.
where the work was performed. The demographic characteristics of the subjects were retrospectively investigated using medical and delivery records. The maternal factors examined were age at delivery, nullipara rate, breech presentation, previous Cesarean section, and history of uterine surgery; the neonatal factors were neonatal morbidity due to prematurity, including low birth weight (< 2,500 g at birth), 5-min Apgar score, neonatal intensive care unit (NICU) admission, hyperbilirubinemia, respiratory disorders, hypoglycemia, and bacterial infection (with or without proven sepsis).
Apgar scores were evaluated by an obstetrician-gynecologist, pediatrician, or midwife. Admission of newborns to the NICU was decided by a neonatologist. Newborns were defined as having hyperbilirubinemia if they required phototherapy. The diagnosis of respiratory complications was based on clinical signs (e.g., tachypnea, retractions, grunting, and cyanosis) and radiographic findings. Assisted ventilation included nasal continuous positive airway pressure. Low birth weight neonates (< 2,500 g) and neonates admitted to the NICU had their blood sugar levels measured, and those with levels < 40 mg/dL were determined to be hypoglycemic. Bacterial infection was defined as the need for antibiotics and an associated serum C-reactive protein level of ≥ 0.25 mg/dL. Blood samples were also collected for culture.
Statistical analysis was performed using the Mann-Whitney U test and the Chi-squared test to examine continuous and categorical variables, respectively. Logistic regression analysis was performed using hyperbilirubinemia, respiratory complications, hypoglycemia, and infection as dependent variables and gestational age, sex, birth weight, and the 5-min Apgar score as independent variables. A p-value < 0.05 was considered significant. The study was approved by the Institutional Review Board of the hospital (no. H140627). Table 1 provides the demographic data of the mothers and newborns. In terms of maternal factors, the 37-week group consisted mostly of mothers over 35 years of age and showed a significant difference in mean age compared with the 38-week group. No significant differences were noted in the rate of primipara births or the rate of indication for elective Cesarean sections. In terms of neonatal factors, low birth weight was significantly more common in newborns delivered at 37 weeks of gestation than in those delivered at 38 weeks, while no significant differences were observed in the number of newborns who were small for gestational age. In addition, no significant differences existed in the male to female ratio between the groups.
Results
Analysis of adverse neonatal outcomes revealed that a significantly higher rate of NICU admission, low birth weight, respiratory complications, and hypoglycemia in newborns delivered at 37 weeks of gestation than in those delivered at 38 weeks, as shown in Table 2 . In all newborns with respiratory complications, transient tachypnea of the neonate (TTN) was diagnosed based on chest radiographic findings and the need for oxygen supply. Of note, respiratory distress assessed by the need for assisted ventilation was more severe among newborns with TTN who were delivered at 37 weeks of gestation.
In contrast, there was no significant difference between the groups in regard to 5-min Apgar score or the incidence of hyperbilirubinemia or bacterial infection. Bacterial infection was occult bacteremia in all detected cases. Among them, none of the newborns had positive blood cultures or required antibiotic administration for longer than 48 h after birth. Their mothers showed no signs of infection.
As shown in Table 3 , multivariate logistic regression analysis revealed that respiratory complications and hypoglycemia were independently associated with gestational age and low birth weight, respectively.
To confirm the significant association of respiratory complications with gestational age, further analysis was performed only in normal birth weight newborns without any complications except respiratory complications. When the distribution of gestational age was compared between newborns with respiratory complications alone (i.e. not with low birth weight or hypoglycemia) and newborns with no complications, the former group had a significantly shorter length of gestation (Table 4) .
Discussion
We report here novel data showing that the timing of elective Cesarean section (37 vs. 38 weeks of gestation) can result in distinct differences in neonatal risk: newborns delivered at 37 weeks of gestation had a higher rate of NICU admission, low birth weight, respiratory complications, and hypoglycemia compared to newborns delivered at 38 weeks of gestation. Although it is already known that delivery by Cesarean section performed earlier than 39 weeks of gestation increases the risks of several neonatal complications (Tita et al. 2009; Nir et al. 2012) , we demonstrated here that the risk of neonatal complications differs between newborns delivered at 37 weeks of gestation and those delivered at 38 weeks. Our findings support the postulation that neurological development may be delayed in newborns delivered before 38 weeks of gestation (Kinney 2006) . The increased risk of neonatal complications such as low birth weight, respiratory complications, and hypoglycemia among newborns delivered at 37 weeks of gestation compared to those delivered at 38 weeks can be attributed to functional prematurity: insufficient surfactant production results in the onset of respiratory complications (Madar et al. 1999) , and low birth weight and small for gestational age neonates are also more likely to develop hypoglycemia (Anderson et al. 1993; Harris et al. 2012) . As a result, the increased incidence of respiratory complications and hypoglycemia has led to an increased number of NICU admissions, which has escalated medical costs.
A shorter length of gestation is associated with an increased risk of low birth weight, which in turn is associated with an increased risk of hypoglycemia. Respiratory disorders can also manifest as a sign of hypoglycemia. These facts suggest potential confounding effects of hypoglycemia and low birth weight in evaluating the relationship between respiratory disorders and gestational age. Consequently, we compared normal birth weight newborns with respiratory disorders alone (without hypoglycemia, hyperbirilubinemia or bacterial infections) with those with no complications and found a significant association between respiratory disorders and gestational age (Table 4) . Based on these findings, we conclude that elective Cesarean sections should be scheduled at 38 weeks or later of gestation.
The guidelines published by the American College of Obstetricians and Gynecologists (2007) recommend that repeat elective Cesarean sections should be performed at or after 39 weeks of gestation to prevent neonatal respiratory complications. However, the rate of elective Cesarean sections performed between 37 and 38 weeks of gestation is still as high as 35.8-56.7% (Tita et al. 2009; Nir et al. 2012) , with the highest rate reported in Japan, at 91.8% (Chang et al. 2009 ). Thus, despite the established guidelines and the scarcity of data on different neonatal complication rates between newborns delivered at 37 weeks and those delivered at 38 weeks, it appears that a large proportion of elective Cesarean sections are performed before 39 weeks in many countries. At our institution, 684 of 710 neonates (96.3%) born before 39 weeks of gestation during the study period were delivered by elective Cesarean section. The reasons our obstetrician-gynecologists gave for planning elective Cesarean sections between 37 and 38 weeks of gestation were that scheduling Cesarean sections late in pregnancy (39 weeks of gestation) may lead to an increased rate of emergency Cesarean sections due to PROM or labor onset, thereby increasing the risks for both the mother and newborn (Gould et al. 2005) , and that the neonatal mortality rate is 1.7-fold greater with emergency Cesarean section than with elective Cesarean section (Lilford et al. 1990) .
Only a few studies have analyzed the rate of emergency Cesarean section in relation to estimated gestational age. Ogasawara et al. (2012) have found no significant difference in the rate of emergency Cesarean section between women scheduled to undergo elective Cesarean section at 37 weeks and 38 weeks of gestation (11.3% and 10.2%, respectively; P = 0.388). Thus, no significant difference was noted in the rate of conversion to emergency Cesarean section between a group originally scheduled for Cesarean section at 37 weeks of gestation and that scheduled for Cesarean section at 38 weeks of gestation (Ogasawara et al. 2012) . On the other hand, Chang et al. (2009) noted a significantly higher rate of emergency Cesarean section among those scheduled to undergo surgery at 39 weeks of gestation (40%) than those scheduled to undergo surgery at 37 or 38 weeks of gestation (11.8% and 19.5%, respectively). This finding was confirmed in our hospital: elective Cesarean section was changed to emergency Cesarean section because of PROM or labor onset in 2.7% of cases originally scheduled at 37 weeks (11/401 patients), in 3.3% of cases originally scheduled at 38 weeks (10/304 patients), and in 7.4% of cases originally scheduled at 39 weeks (2/27 patients), with no significant differences between the groups.
This study has several limitations. First, the sample size was too small to compare newborns delivered at 37 and 38 weeks of gestation by elective Cesarean section with those delivered at 39 and 40 weeks of gestation. Second, blood sugar levels were repeatedly measured in newborns with an increased risk of hypoglycemia, such as low birth weight neonates, neonates admitted to the NICU, and exceptionally large neonates, which may have biased our results. Nonetheless, this study clearly indicated that, compared with elective Cesarean section performed at 38 weeks of gestation, that performed at 37 weeks of gestation (accounting for 55% of elective Cesarean sections performed at our institution) increased the risk of neonatal comorbidities (due to prematurity characterized by low birth weight) such as respiratory complications and hypoglycemia. The number of low birth weight neonates and the incidence of hypoglycemia were higher when Cesarean section was performed at 37 weeks of gestation.
In conclusion, elective Cesarean section performed earlier than 38 weeks of gestation should be avoided to minimize neonatal risks and complications. This approach will also reduce the medical expenses associated with NICU admissions and avoid separating mothers from their newborns.
